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(57) ABSTRACT

There is provided a projection-type display apparatus which
solves the problem that when an amount of electric power
applied to light sources is adjusted, the amount of electric
power involved in the cooling of LEDs becomes greater than
necessary. Coolers (107R, 107G, 107B) cool light sources
(103R, 103G, 103B). Light sensor (111) detects the bright-
ness of a surrounding area. Light case temperature detectors
(112R, 112G, 112B) detect case temperatures which are the
temperatures of cases of light sources (103R, 103G, 103B).
Light source forward voltage detectors (113R, 113G, 113B)
detect forward voltages of light sources (103R, 103G, 103B).
Light source forward current detectors (114R, 114G, 114B)
detect forward currents of light sources (103R, 103G, 103B).
Adjuster (117) adjusts the amount of cooling power of coolers
(107R, 107G, 107B) based on the forward voltage, the for-
ward current, and the case temperatures.

3 Claims, 9 Drawing Sheets
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1
PROJECTION TYPE DISPLAY APPARATUS
AND METHOD OF COOLING LIGHT
SOURCE

TECHNICAL FIELD

The present invention relates to a projection-type display
apparatus using LEDs (Light-Emitting Diodes) and a method
of cooling a light source thereof.

BACKGROUND ART

Projection-type display apparatus for projecting an image
onto a screen have heretofore often employed a high-pressure
mercury lamp as a light source. In recent years, attention has
been paid to projection-type display apparatus employing
LEDs instead of high-pressure mercury lamps.

LEDs are advantageous in that their brightness can be
adjusted more quickly than high-pressure mercury lamps.
Therefore, projection-type display apparatus which employ
LEDs as a light source are capable of adjusting the brightness
of a projected image depending on the brightness of the
surrounding area by adjusting the brightness of the LEDs
depending on the brightness of the surrounding area. Since
the LEDs can be prevented from being energized for a higher
level of brightness than necessary, the power consumption of
the projection-type display apparatus is reduced.

The LEDs have a low power conversion efficiency (WPE:
Wall Plug Efficiency), which represents the ratio of light
output power to applied electric power, in the range from
about 5% to 15%. Much of the applied electric power is
converted into heat, which tends to increase the junction
temperature Tj of the LEDs. If the junction temperature Tj of
the LEDs goes higher than a certain level, then the light output
power of the LEDs is abruptly reduced. Consequently, the
projection-type display apparatuses which employ LEDs as a
light source usually cool the LEDs so that the junction tem-
perature Tj of the LEDs will not exceed a maximum junction
temperature Tj(max). The LEDs are often cooled by a cooling
means such as a Peltier device that is able to adjust the cooling
power depending on the amount of applied electric power
(see Patent document 1).

FIG. 1 is a block diagram showing the configuration of a
projection-type display apparatus having a cooling means for
cooling LEDs and capable of changing the brightness of the
LEDs depending on the brightness of the surrounding area.

As shown in FIG. 1, projection-type display apparatus 200
includes light sources 204R, 204G, 204B for emitting a red
beam, a green beam, and a blue beam, respectively, coolers
205R, 205G, 205B for cooling respective light sources 204R,
204G, 204B, and adjuster 201 for adjusting the amount of
electric power applied to light sources 204R, 204G, 204B and
the amount of electric power applied to coolers 205R, 205G,
205B.

Each of light sources 204R, 204G, 204B comprises an
LED and an LED case housing the LED. Each of coolers
205R, 205G, 205B comprises a Peltier device.

Adjuster 201 adjusts the brightness of each LED by adjust-
ing the amount of applied light source electric power W,
which is the amount of electric power applied to the LED,
depending on the detection result of light sensor 202 that
detects the brightness of the surrounding area.

Adjuster 201 also adjusts the amount of applied cooler
electric power, which is the amount of electric power applier
to coolers 205R, 205G, 205B, depending on the detection
results of light source case temperature detectors 210R,
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2

210G, 210B that detect case temperatures Tc of the LED
cases of respective light sources 204R, 204G, 204B.

Generally, it is known that the equation “Tj=IfxVfx(1-
WPE/100)xRj—c+Tc” is satisfied between the junction tem-
perature Tj of the LED and the case temperature Tc of the
LED case where if represents a forward current of the LED,
VT a forward voltage of the LED, WPE, a power conversion
efficiency of the LED, and Rj—c the thermal resistance
between the LED junction and the LED case. In the above
equation, the product I[fxV{t of the forward current If and the
forward voltage V1 represents the amount of applied power
supply electric power W that is applied to the LED. The power
conversion efficiency WPE and the thermal resistance Rj—c
are usually regarded as constants that are determined for each
LED.

As can be seen from the above equation, if the amount of
applied power supply electric power W is constant, then the
maximum case temperature which is the case temperature Tc
at the time the junction temperature Tj is the maximum junc-
tion temperature Tj(max) is uniquely determined. If the
amount of applied cooler electric power is adjusted so that the
case temperature Tc becomes the maximum case tempera-
ture, then the junction temperature Tj will not exceed the
maximum junction temperature Tj(max).

However, with the projection-type display apparatus 200,
since the amount of applied power supply electric power W
changes depending on the brightness of the surrounding area,
the maximum case temperature also changes. More specifi-
cally, as the amount of applied power supply electric power W
becomes greater, the maximum case temperature goes lower.
In order that the junction temperature Tj will not exceed the
maximum junction temperature Tj(max) even if the maxi-
mum case temperature changes, adjuster 201 adjusts the
amount of applied cooler electric power so that the case
temperature Tc is equalized to the maximum case tempera-
ture when the amount of applied power supply electric power
W is of an upper limit value.

BACKGROUND ART DOCUMENTS
Patent Documents
Patent document 1: JP2004-342557A

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

With projection-type display apparatus 200 shown in FIG.
1, as the amount of applied power supply electric power W is
adjusted depending on the brightness of the surrounding area,
the amount of applied power supply electric power W may
occasionally be lower than the upper limit value. The maxi-
mum junction temperature at this time is lower than the maxi-
mum junction temperature at the time the applied power
supply electric power W is of the upper limit value. Therefore,
by lowering the cooling capability of the Peltier device by
lowering the amount of applied cooler electric power, the
junction temperature Tj can be prevented from exceeding the
maximum junction temperature Tj(max).

However, inasmuch as projection-type display apparatus
200 adjusts the amount of applied cooler electric power so
that the case temperature Tc is always equal to the maximum
case temperature at the time the amount of applied power
supply electric power W is of the upper limit value, the
amount of electric power consumed to cool the LEDs is
greater than necessary.
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It is an object of the present invention to provide a projec-
tion-type display apparatus which is capable of solving the
above problem in which the amount of electric power con-
sumed to cool the LEDs is greater than necessary when the
amount of applied light source electric power is adjusted.

Means for Solving the Problems

According to the present invention, there is provided a
projection-type display apparatus for projecting a beam from
an LED to display an image, comprising a cooler for cooling
said LED, a light detector for detecting the brightness of a
surrounding area, a voltage detector for detecting the forward
voltage of said LED, a current detector for detecting the
forward current of said LED, a temperature detector for
detecting the case temperature which represents the tempera-
ture of the case of said LED, and a controller for adjusting the
brightness of said LED based on said brightness of the sur-
rounding area and adjusting the amount of cooling power of
said cooler based on said forward voltage, said forward cur-
rent, and said case temperature.

According to the present invention, there is also provided a
method of cooling a light source of a projection-type display
apparatus for projecting a beam from an LED to display an
image, comprising detecting the brightness of a surrounding
area, detecting a forward voltage of said LED, detecting a
forward current of said LED, detecting a case temperature
which represents the temperature of a case of said LED, and
cooling said LED with an amount of cooling power depend-
ing on said forward voltage, said forward current, and said
case temperature.

Effects of the Invention

According to the present invention, the amount of electric
power involved in the cooling of the LEDs can be of an
appropriate value even when the amount of applied light
source electric power is adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of a
projection-type display apparatus according to the back-
ground art;

FIG. 2 is a block diagram showing the configuration of a
projection-type display apparatus according to an exemplary
embodiment of the present invention;

FIG. 3 is a view showing a configurational example of a
light source;

FIG. 4 is a flowchart of an example of an operation
sequence of the projection-type display apparatus according
to the exemplary embodiment;

FIG. 5 is a flowchart of the example of the operation
sequence of the projection-type display apparatus according
to the exemplary embodiment;

FIG. 6 is a flowchart of the example of the operation
sequence of the projection-type display apparatus according
to the exemplary embodiment;

FIG. 7 is a diagram showing an example of characteristics
of LEDs;

FIG. 8 is a diagram showing an example of endothermic
characteristics representative of the relationship between cur-
rent I and endothermic quantity Q of a Peltier device;

FIG. 9 is a diagram showing an example of current vs.
voltage characteristics representative of the relationship
between current [ and voltage V of the Peltier device;
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FIG. 101is a diagram showing an example of changes in the
amount of electric power applied to coolers of the projection-
type display apparatus according to the exemplary embodi-
ment; and

FIG. 11 is a diagram showing an example of changes in the
amount of electric power applied to coolers of the projection-
type display apparatus according to the background art.

MODE FOR CARRYING OUT THE INVENTION

An exemplary embodiment of the present invention will be
described below with reference to the drawings. In the
description which follows, those parts which have identical
functions are denoted by identical reference characters, and
may not be described in detail.

FIG. 2 is a block diagram showing the configuration of a
projection-type display apparatus according to an exemplary
embodiment of the present invention. As shown in FIG. 2,
projection-type display apparatus 100 includes image signal
processor 101, spatial light modulation signal generator 102,
light sources 103R, 103G, 103B, spatial light modulators
104R, 104G, 104B, cross dichroic prism 105, projection lens
106, coolers 107R, 107G, 107B, cooler drivers 108R, 108G,
108B, light source drivers 109R, 109G, 109B, light sensor
driver 110, light sensor 111, light source case temperature
detectors 112R, 112G, 112B, light source forward voltage
detectors 113R, 113G, 113B, light source forward current
detectors 114R, 114G, 114B, memory 115, ON-Duty-Ratio
calculator 116, and adjuster 117.

Image signal processor 101 is supplied with an image
signal and performs various image signal processing pro-
cesses such as resolution conversion on the supplied image
signal.

Spatial light modulation signal generator 102 generates
spatial light modulation signals for spatially modulating light
depending on the supplied image signal that has been pro-
cessed by image signal processor 101, and output the gener-
ated spatial light modulation signals to spatial light modula-
tors 104R, 104G, 104B.

As shown in FIG. 3, each of light sources 103R, 103G,
103B comprises LED 301 and LED case 302 housing LED
301 therein.

Light sources 103R, 103G, 103B emit light beams at inten-
sities depending on the amount of applied light source electric
power supplied from light source drivers 109R, 109G, 109B.
The light beams emitted from light sources 103R, 103G,
103B have respective different wavelengths. It is assumed
hereinbelow that light source 103R emits a red beam in a red
wavelength range, light source 103G a green beam in a green
wavelength range, and light source 103G a blue beam in a
blue wavelength range. An LED used in light source 103R
will be referred to as a red LED, an LED used in light source
103G as a green LED, and an LED used in light source 103B
as a blue LED.

Spatial light modulators 104R, 104G, 104B spatially
modulate the light beams from respective light sources 103R,
103G, 103B with the spatial light modulation signals from
spatial light modulation signal generator 102, and emits the
spatially modulated light beams.

Cross dichroic prism 105 combines the light beams from
spatial light modulators 104R, 104G, 104B into a combined
light beam, and emits the combined light beam.

Projection lens 106 projects the combined light beam from
cross dichroic prism 105 onto a screen (not shown) to display
an image on the screen.

Each of coolers 107R, 107G, 107B comprises a Peltier
device. Coolers 107R, 107G, 107B cools light sources 103R,
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103G, 103B with cooling power depending on the amount of
applied cooler electric power that is supplied from respective
cooler drivers 108R, 108G, 108B.

Cooler drivers 108R, 108G, 108B applies the amount of
cooler electric power indicated by cooler control signals from
adjuster 117 to coolers 107R, 107G, 107B, adjusting the
amount of cooling power with which coolers 107R, 107G,
107B cool light sources 103R, 103G, 103B.

Light source drivers 109R, 109G, 109B energize respective
light sources 103R, 103G, 103B at levels of brightness rep-
resented by light source control signals from adjuster 117.

According to the present exemplary embodiment, light
source drivers 109R, 109G, 109B apply pulsed electric power
as the amount of applied light source electric power to respec-
tive light sources 103R, 103G, 103B, thereby energizing light
sources 103R, 103G, 103B. The levels of brightness of
respective light sources 103R, 103G, 103B change depending
on the duty ratio of pulsed electric power. Therefore, the light
source control signals represent the duty ratios, and light
source drivers 109R, 109G, 109B apply pulsed electric power
at the duty ratios indicated by the light source control signals
to respective light sources 103R, 103G, 103B.

Light sensor driver 110 applies sensor electric power to
light sensor 111.

Light sensor 111 comprises a light detector which is ener-
gized by the sensor electric power from light sensor driver
110 and which detects the brightness in the surrounding area,
i.e., outside projection-type display apparatus 100.

Light source case temperature detectors 112R, 112G, 112B
detect case temperatures Tc, which are temperatures of the
LED cases 302 of respective light sources 103R, 103G, 103B.

Light source forward voltage detectors 113R, 113G, 113B
detect forward voltages VT of LEDs 301 of respective light
sources 103R, 103G, 103B.

Light source forward current detectors 114R, 114G, 114B
detect forward currents If of LEDs 301 of respective light
sources 103R, 103G, 103B.

Memory 115, On-Duty-Ratio calculator 116, and adjuster
117 make up a controller. The controller determines duty
ratios of pulsed electric power to be applied to respective light
sources 103R, 103G, 103B depending on the brightness of the
surrounding area that is detected by light sensor 111, and
output light source control signals representative of the deter-
mined duty ratios to adjust the levels of brightness of respec-
tive light sources 103R, 103G, 103B.

The controller also the amount of determines applied
cooler electric power to be applied to coolers 107R. 107G,
107B based on the case temperatures Tc detected by light
source case temperature detectors 112R, 112G, 112B, the
forward voltages Vf detected by light source forward voltage
detectors 113R, 113G, 113B, and the forward currents If
detected by light source forward current detectors 114R,
114G, 114B, and output cooler control signals representative
of the determined applied cooler electric power to cooler
drivers 108R, 108G, 108B to adjust the cooling power of
coolers 107R, 107G, 107B.

Memory 51 stores characteristic information representa-
tive ofthe characteristics of LEDs 301 used in respective light
sources 103R, 103G, 103B. The characteristic information
indicates, as the characteristics of LEDs 301, the maximum
junction temperature Tj(max), the power conversion effi-
ciency WPE, and the thermal resistance Rf-c between the
LED junction and the LED case.

On-Duty-Ratio calculator 116 calculates, as “On-Duty
Ratio” of each LED 301, the ratio of the difference between
the maximum junction temperature Tj(max) and the case
temperature Tc to the difference between the junction tem-
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6

perature Tj and the case temperature Tc, based on the char-
acteristic information of LED 301, the case temperature Tc of
LED case 302, forward voltage Vf and forward current If of
LED 301.

Adjuster 117 outputs the light source control signals rep-
resentative of the duty ratios depending on the brightness of
the surrounding area to respective light sources 103R, 103G,
103B to adjust the levels of brightness of respective light
sources 103R, 103G, 103B.

Adjuster 117 also outputs the cooler control signals repre-
sentative of the “On-Duty Ratios” calculated by On-Duty-
Ratio calculator 116 to cooler drivers 108R, 108G, 108B to
adjust the amount of cooling power of coolers 107R, 107G,
107B.

More specifically, when the LEDs are energized, adjuster
117 sets the amount of applied cooler electric power repre-
sented by the cooler control signals to a preset value. There-
after, if the “On-Duty Ratios” are greater than the upper limit
value of an allowable range determined depending on the
brightness of the LEDs, then adjuster 117 reduces the amount
of'applied cooler electric power, and if the “On-Duty Ratios”
are smaller than the lower limit value of the allowable range,
then adjuster 117 increases the amount of applied cooler
electric power. Therefore, if the “On-Duty Ratios™ are greater
than the upper limit value of the allowable range, adjuster 117
reduces the amount of cooling power of coolers 107R, 107G,
107B, and if the “On-Duty Ratios” are smaller than the lower
limit value of the allowable range, adjuster 117 increases the
amount of cooling power of coolers 107R, 107G, 107B.

Operation of projection-type display apparatus 100 will be
described below.

FIGS. 4 through 6 are flowcharts of a light source control
process of projection-type display apparatus 100. Since the
same operation sequence is carried out for light sources 103R,
103G, 103B, the light source control process for light source
103R will be described below.

When the power supply of projection-type display appara-
tus 100 is turned on, adjuster 117 outputs a cooler control
signal representative of predetermined the amount of applied
cooler electric power to enable cooler driver 108R to start
operating cooler 107R (step S101).

Then, adjuster 117 reads the characteristic information
(maximum junction temperature Tj(max)), the power conver-
sion efficiency WPE, and the thermal resistance Rf—c of light
source 103R from memory 115 (step S102).

Thereafter, adjuster 117 outputs a drive signal to light
sensor driver 110 to enable light sensor driver 110 to energize
light sensor 111. Light sensor 111 detects the brightness of
the surrounding area, and outputs a detection result L to
adjuster 117 (step S103).

When adjuster 117 receives the detection result L, it judges
whether or not the detection result L is equal to or greater than
apredetermined first threshold value (hereinafter represented
by “100” for illustrative purposes) (step S104). If the detec-
tion result L is equal to or greater than the first threshold value
“100”, then adjuster 117 outputs a light source control signal
representative of a duty ratio=100% to light source driver
109A, which energizes light source 103R at the maximum
brightness (step S105).

When light source 103R is energized, light source case
temperature detector 112R detects a case temperature Tc of
light source 103R and outputs it to adjuster 117. Light source
forward voltage detector 113R detects a forward voltage Viof
light source 103R and outputs it to adjuster 117. Light source
forward current detector 114R detects a forward current If of
light source 103R and outputs it to adjuster 117 (step S106).
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When adjuster 117 receives the case temperature Tc, the
forward voltage V{1, and the forward current If; it outputs the
case temperature Tc, the forward voltage Vf, the forward
current If, and the characteristic information read in step S102
to On-Duty-Ratio calculator 116.

When On-Duty-Ratio calculator 116 receives the charac-
teristic information, the case temperature Tc, the forward
voltage V1, and the forward current If, it calculates an “On-
Duty Ratio” of light source 103R (step S107).

More specifically, On-Duty-Ratio calculator 116 calcu-
lates an “On-Duty Ratio” of light source 103R according to
the equation 1:

Tj(max) - T Equation 1
ON_duty = / (ma)a/ PEC %100 (Equation 1]
Vf><1f><(1 - W)XRj_C

In the equation 1, the denominator VIxIfx(1-WPE/100)x
Rj—c on the right side becomes the difference Tj-Tc between
the junction temperature Tj and the case temperature Tc of the
LED in view of the equation about the junction temperature
Tj and the case temperature Tc of the LED. In other words,
On-Duty-Ratio calculator 116 calculates an “On-Duty Ratio”
of'light source 103R based on the junction temperature Tj and
the case temperature Tc of the LED, or calculates, as an
“On-Duty Ratio” of light source 103R, the ratio of the differ-
ence between the maximum junction temperature Tj(max)
and the case temperature Tc of the LED to the difference
between the junction temperature Tj and the case temperature
Tc of the LED.

After having calculated the “On-Duty Ratio” of light
source 103R, On-Duty-Ratio calculator 116 outputs the cal-
culated “On-Duty Ratio” to adjuster 117. When adjuster 117
receives the “On-Duty Ratio”, it judges whether or not the
“On-Duty Ratio” falls in a first allowable range (e1=On-Duty
Ratio=100%) (step S108). The first allowable range has a
lower limit value el which is a positive value smaller than
100%.

If the “On-Duty Ratio” falls in the first allowable range,
then adjuster 117 finishes the light source control process.

If the “On-Duty Ratio” does not fall in the first allowable
range, then adjuster 117 judges whether or not the “On-Duty
Ratio” is smaller than the lower limit value el of the first
allowable range (step S109).

If'the “On-Duty Ratio” is smaller than the lower limit value
el, then adjuster 117 decides that the junction temperature Tj
is too high and outputs a light source control signal represen-
tative of the “On-Duty Ratio” to light source driver 109R.
Adjuster 117 thus changes the duty ratio of light source 103R
to the “On-Duty Ratio” calculated in step S108. Therefore,
adjuster 117 reduces the brightness of light source 103R, and
hence reduces the amount of heat generated by light source
103R (step S110).

Thereafter, adjuster 117 outputs a cooler control signal
representative of the amount of applied cooler electric power
that is greater than the predetermined the amount of applied
cooler electric power described above to cooler driver 108R,
which increases the amount of cooler electric power. Adjuster
117 thus can increase the amount of cooling power of cooler
107R (step S111).

Since the case temperature Tc of light source 103R drops
due to the increase in the amount of applied cooler electric
power, adjuster 117 calculates an “On-Duty Ratio” of light
source 103R again back in step S105. If the calculated “On-
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Duty Ratio” falls in the first allowable range in step S108,
then the light source control process is ended.

If adjuster 117 decides that the “On-Duty Ratio” is greater
than the lower limit value el of the first allowable range in
step S109, then adjuster 117 decides that the “On-Duty Ratio”
is greater than the upper limit value of 100%, and outputs a
cooler control signal representative of applied cooler electric
power that is smaller than the predetermined applied cooler
electric power described above to cooler driver 108R.
Adjuster 117 thus reduces the applied cooler electric power
and hence the cooling power of cooler 107R (step S112).

Since the case temperature Tc of light source 103R rises
due to the reduction in the applied cooler electric power,
adjuster 117 sets the “On-Duty Ratio” of light source 103R to
100% back in step S105. Thereafter, adjuster 117 calculates
an “On-Duty Ratio” of light source 103R again in step S107.
If the calculated “On-Duty Ratio” falls in the first allowable
range in step S108, then the light source control process is
finished.

Ifadjuster 117 decides that the detection result L. is smaller
than the first threshold value in step S104, then adjuster 117
judges whether the detection result L is greater than a second
threshold (hereinafter represented by “50” for illustrative pur-
poses) that is smaller than the first threshold value (step
S113). If the decision result L is greater than the second
threshold value, then adjuster 117 outputs a light source con-
trol signal representative of a duty ratio=L. % to light source
driver 109A, which energizes light source 103R atthelevel of
brightness which is [ % of the maximum brightness (step
S114). L represents a value in the range from 50 to 100.

When light source 103R is energized, light source case
temperature detector 112R detects a case temperature Tc of
light source 103R and outputs it to adjuster 117. Light source
forward voltage detector 113R detects a forward voltage Viof
light source 103R and outputs it to adjuster 117. Light source
forward current detector 114R detects a forward current If of
light source 103R and outputs it to adjuster 117 (step S115).

When adjuster 117 receives the case temperature Tc, the
forward voltage VT, and the forward current If, it outputs the
case temperature Tc, the forward voltage Vf, the forward
current If, and the characteristic information read in step S102
to On-Duty-Ratio calculator 116.

When On-Duty-Ratio calculator 116 receives the charac-
teristic information, the case temperature Tc, the forward
voltage V1, and the forward current If, it calculates an “On-
Duty Ratio” of light source 103R based on the characteristic
information, the case temperature Tc, the forward voltage VT,
and the forward current (step S116). The “On-Duty Ratio” is
calculated in the same manner as it is calculated in step S107.

After having calculated the “On-Duty Ratio” of light
source 103R, On-Duty-Ratio calculator 116 outputs the cal-
culated “On-Duty Ratio” to adjuster 117. When adjuster 117
receives the “On-Duty Ratio”, it judges whether or not the
“On-Duty Ratio” falls in a second allowable range (e2<On-
Duty Ratio<l. %) (step S117). The second allowable range
has a lower limit value e2 which is a positive value smaller
than L %.

Ifthe “On-Duty Ratio” falls in the second allowable range,
then adjuster 117 finishes the light source control process.

If the “On-Duty Ratio” does not fall in the second allow-
able range, then adjuster 117 judges whether or not the “On-
Duty Ratio” is smaller than the lower limit value e2 of the
second allowable range (step S118).

Ifthe “On-Duty Ratio” is smaller than the lower limit value
e2, then adjuster 117 decides that the junction temperature Tj
is too high and outputs a light source control signal represen-
tative of the “On-Duty Ratio” to light source driver 109R.



US 9,223,193 B2

9

Adjuster 117 thus changes the duty ratio of light source 103R
to the “On-Duty Ratio” calculated in step S116 (step S119).

Thereafter, adjuster 117 outputs a cooler control signal
representative of the amount of applied cooler electric power
that is greater than the predetermined amount of applied
cooler electric power described above to cooler driver 108R,
which increases the amount of cooler electric power (step
S120).

Since the case temperature Tc of light source 103R drops
due to the increase in the amount of applied cooler electric
power, adjuster 117 calculates an “On-Duty Ratio” of light
source 103R again back in step S114. If the calculated “On-
Duty Ratio” falls in the second allowable range in step S117,
then the light source control process is ended.

If adjuster 117 decides that the “On-Duty Ratio” is greater
than the lower limit value e2 of the second allowable range in
step S118, then adjuster 117 decides that the “On-Duty Ratio”
is greater than the upper limit value of [ % of the second
allowable range, and outputs a cooler control signal represen-
tative of amount of applied cooler electric power that is
smaller than the predetermined amount of applied cooler
electric power described above to cooler driver 108R.
Adjuster 117 thus reduces the amount of applied cooler elec-
tric power and hence the amount of cooling power of cooler
107R (step S121).

Since the case temperature Tc of light source 103R rises
due to the reduction in the amount of applied cooler electric
power, adjuster 117 sets the “On-Duty Ratio” of light source
103R to L. % back in step S114. Thereafter, adjuster 117
calculates an “On-Duty Ratio” of light source 103R again in
step S116. If the calculated “On-Duty Ratio” falls in the
second allowable range in step S117, then the light source
control process is ended.

If adjuster 117 decides that the detection result L is equal to
or smaller than the second threshold value in step S113, then
adjuster 117 outputs a light source control signal representa-
tive of a duty ratio=50% (second threshold value) to light
source driver 109A, which energizes light source 103R at the
level of brightness which is 50% of the maximum brightness
(step S122).

When light source 103R is energized, light source case
temperature detector 112R detects a case temperature Tc of
light source 103R and outputs it to adjuster 117. Light source
forward voltage detector 113R detects a forward voltage Vof
light source 103R and outputs it to adjuster 117. Light source
forward current detector 114R detects a forward current If of
light source 103R and outputs it to adjuster 117 (step S123).

When adjuster 117 receives the case temperature Tc, the
forward voltage V{1, and the forward current If; it outputs the
case temperature Tc, the forward voltage Vf, the forward
current If, and the characteristic information read in step S102
to On-Duty-Ratio calculator 116.

When On-Duty-Ratio calculator 116 receives the charac-
teristic information, the case temperature Tc, the forward
voltage V1, and the forward current If, it calculates an “On-
Duty Ratio” of light source 103R based on the characteristic
information, the case temperature Tc, the forward voltage V1,
and the forward current (step S124). The “On-Duty Ratio” is
calculated in the same manner as it is calculated in step S107.

After having calculated the “On-Duty Ratio” of light
source 103R, On-Duty-Ratio calculator 116 outputs the cal-
culated “On-Duty Ratio” to adjuster 117. When adjuster 117
receives the “On-Duty Ratio”, it judges whether the “On-
Duty Ratio” falls in a third allowable range (e3=<On-Duty
Ratio=50%) or not (step S125). The third allowable range has
a lower limit value e3 which is a positive value that is smaller
than 50%.
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If the “On-Duty Ratio” falls in the third allowable range,
then adjuster 117 ends the light source control process.

If the “On-Duty Ratio” does not fall in the third allowable
range, then adjuster 117 judges whether or not the “On-Duty
Ratio” is smaller than the lower limit value e3 of the third
allowable range (step S126).

Ifthe “On-Duty Ratio” is smaller than the lower limit value
e3, then adjuster 117 decides that the junction temperature Tj
is too high and outputs a light source control signal represen-
tative of the “On-Duty Ratio” to light source driver 109R.
Adjuster 117 thus changes the duty ratio of light source 103R
to the “On-Duty Ratio” calculated in step S124 (step S127).

Thereafter, adjuster 117 outputs a cooler control signal
representative of the amount of applied cooler electric power
that is greater than the predetermined amount of applied
cooler electric power described above to cooler driver 108R,
which increases the amount of cooler electric power (step
S128).

Since the case temperature Tc of light source 103R drops
due to the increase in the applied amount of cooler electric
power, adjuster 117 calculates an “On-Duty Ratio” of light
source 103R again back in step S123. If the calculated “On-
Duty Ratio” falls in the second allowable range in step S125,
then the light source control process is ended.

If adjuster 117 decides that the “On-Duty Ratio” is greater
than the lower limit value €3 of the third allowable range in
step S126, then adjuster 117 decides that the “On-Duty Ratio”
is greater than the upper limit value of 50% of the third
allowable range, and outputs a cooler control signal represen-
tative of amount of applied cooler electric power that is
smaller than the predetermined amount of applied cooler
electric power described above to cooler driver 108R.
Adjuster 117 thus reduces the amount of applied cooler elec-
tric power and hence the amount of cooling power of cooler
107R (step S129).

Since the case temperature Tc of light source 103R rises
due to the reduction in the amount of applied cooler electric
power, adjuster 117 sets the “On-Duty Ratio” of light source
103R to 50% back in step S122. Thereafter, adjuster 117
calculates an “On-Duty Ratio” of light source 103R again in
step S124. If the calculated “On-Duty Ratio” falls in the third
allowable range in step S125, then the light source control
process is ended.

The amount of applied cooler electric power in projection-
type display apparatus 100 according to the present exem-
plary embodiment shown in FIG. 2 will be evaluated.

Itis assumed hereinbelow thatthe red LED, the green LED,
and the blue LED which are used respectively in light sources
103R, 103G, 103B have the characteristics (the maximum
junction temperature Tj(max), the power conversion effi-
ciency WPE, and the thermal resistance Rj-c between the
LED junction and the LED case) shown in FIG. 7. It is also
assumed that the Peltier devices that are used respectively in
the coolers 107R, 107G, 107B have the characteristics shown
in FIGS. 8 and 9. FIG. 8 shows endothermic characteristics
representative of the relationship between the current I and
endothermic quantity Q of a Peltier device at the time the heat
radiation side has a temperature of 50° C., and FIG. 9 shows
current vs. voltage characteristics representative of the rela-
tionship between the current I and voltage V of the Peltier
device at the time when the heat radiation side has a tempera-
ture of 50° C.

Itis assumed that after the power supply of projection-type
display apparatus 100 is turned on, the detection result L of
light sensor 111 represents the first threshold value “100” or
greater, and adjuster 117 energizes light source 103R with a
pulsed voltage having a duty ratio=100%. It is also assumed
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that the detection result L. from light sensor 111 thereafter
changes to a value smaller than the third threshold value “50”,
and adjuster 117 energizes light source 103R with a pulsed
voltage having a duty ratio=50%, and that the detection result
L from light sensor 111 goes back to the first threshold value
“100” or greater, and adjuster 117 energizes light source
103R with a pulsed voltage having a duty ratio=100%.

FIG. 10 is a diagram showing time-dependent changes in
the junction temperature Tj of light source 103R, time-depen-
dent changes in the case temperature Tc of light source 103R,
and time-dependent changes in the amount of electric power
applied to cooler 107R at the time projection-type display
apparatus 100 performs the above process.

When adjuster 117 is to energize light source 103 with a
pulsed voltage having a duty ratio=100%, if the forward
voltage VT of light source 103R is 3.5 V and the forward
current If of light source 103R is 30 A, then the maximum
case temperature which is the case temperature Tc at which
the junction temperature Tj becomes the maximum junction
temperature Tj(max) is given as follows:

The maximum case temperature of the red LED=20°
C.~110° C.-300 Wx0.35%(1-0.15)x1° C/W

The maximum case temperature of the green
LED=40° C.=170° C.=300 Wx0.45x(1-0.05)x1°
C/W

The maximum case temperature of the blue
LED=115° C.=170° C.-300 Wx0.2x(1-0.1)x1°
C/W

The amount of electric power applied to the Peltier device
for the red LED, for example, in order to keep the case
temperature Tc as the maximum case temperature of 20° C. is
calculated as follows:

The amount of electric power applied to the Peltier
device=128 W~7.5 Ax17V

When adjuster 117 is to energize light source 103 with a
pulsed voltage having a duty ratio=50%, if the forward volt-
age VT of light source 103R is 3.5 V and the forward current
If of light source 103R is 30 A, then the maximum case
temperature of light source 103R is given as follows:

The maximum case temperature=65° C.=110° C.-3.5
V%30 Ax0.5%(1-0.15)x1

The amount of electric power applied to the Peltier device
for the red LED, for example, in order to keep the case
temperature Tc as the maximum case temperature of 65° C. is
calculated as follows:

The amount of electric power applied to the Peltier
device=4.5 W=1.5 Ax3V

The amount of applied cooler electric power in projection-
type display apparatus 200 shown in FIG. 1 will be evaluated.

As is the case with each of the LEDs of projection-type
display apparatus 100 shown in FIG. 2, each of the LEDs of
projection-type display apparatus 200 has the characteristics
shown in FIG. 7. As with the Peltier devices of projection-
type display apparatus 100, the Peltier devices that are used in
coolers 205R, 205G, 205B of projection-type display appa-
ratus 200 have the characteristics shown in FIGS. 8 and 9.

It is assumed that after the power supply of projection-type
display apparatus 200 is turned on, the detection result L of
light sensor 202 represents the first threshold value “100” or
greater, and adjuster 201 energizes light source 204R with a
pulsed voltage having a duty ratio=100%. It is also assumed
that the detection result L. from light sensor 202 thereafter
changes to a value that are smaller than the third threshold
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value “50”, and adjuster 201 energizes light source 103 with
apulsed voltage having a duty ratio=50%, and that the detec-
tion result L from light sensor 202 goes back to the first
threshold value “100” or greater, and adjuster 201 energizes
light source 103 with a pulsed voltage having a duty
ratio=100%.

FIG. 11 is a diagram showing time-dependent changes in
the junction temperature Tj of light source 204R, time-depen-
dent changes in the case temperature Tc of light source 204R,
and time-dependent changes in the electric power applied to
cooler 205R at the time projection-type display apparatus 200
performs the above process.

When the red LED is energized with a pulsed voltage
having a duty ratio=100%, as projection-type display appa-
ratus 200 keeps the case temperature Tc as the maximum case
temperature of 20° C., the electric power applied to the Peltier
devices of projection-type display apparatus 200 is the same
as the amount of electric power applied to the Peltier devices
of projection-type display apparatus 100. When the red LED
is energized with a pulsed voltage having a duty ratio=50%,
however, since projection-type display apparatus 200 keeps
the case temperature Tc as the maximum case temperature of
20° C., the amount of electric power applied to the Peltier
devices of projection-type display apparatus 200 is given as
follows:

The amount of electric power applied to the Peltier
devices=60 W=35 Ax12V

Therefore, if the detection result L. from light sensor 202 is
[>200, then the amount of electric power applied to the
Peltier devices of projection-type display apparatus 200
shown in FIG. 1 is the same as the amount of electric power
applied to the Peltier devices of projection-type display appa-
ratus 100. However, if the detection result L. from light sensor
202 is [.<50, then the amount of electric power applied to the
Peltier devices of projection-type display apparatus 200
shown in FIG. 1 is greater than the amount of electric power
applied to the Peltier devices of projection-type display appa-
ratus 100.

According to the present exemplary embodiment, as
described above, cooler 107R cools light source 103R. Light
sensor 111 detects the brightness of the surrounding area.
Light source case temperature detector 112R detects the case
temperature which represents the temperature of the case of
light source 103R. Light source forward voltage detector
113R detects the forward voltage of light source 103R. Light
source forward current detector 114R detects the forward
current of light source 103R. Adjuster 117 adjusts the bright-
ness of light source 103R based on the brightness of the
surrounding area, and also adjusts the amount of cooling
power of cooler 107R based on the forward voltage, the
forward current, and the case temperature.

Consequently, the amount of cooling power is adjusted
based on the forward voltage, the forward current, and the
case temperature. Since the amount of applied light source
electric power W can be grasped from the forward voltage and
the forward current, the amount of electric power involved in
the cooling of the LEDs can be of an appropriate value even
when the amount of applied light source electric power is
adjusted.

In the exemplary embodiment described above, the illus-
trated configuration is by way of example only, and the
present invention is not limited to the illustrated configura-
tion.

For example, although coolers 107R, 107G, 107B are illus-
trated as comprising Peltier devices, they may comprise cool-
ing devices other than Peltier devices insofar as the amount of
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their cooling power can be adjusted depending on the amount a voltage detector that detects a forward voltage of said
of electric power applied thereto. LED;
a current detector that detects a forward current of said
DESCRIPTION OF REFERENCE CHARACTERS LED;

5 a temperature detector that detects a case temperature
which represents a temperature of a case of said LED;
and

a controller that adjusts brightness of said LED based on
the brightness of the surrounding area and adjusts an
amount of cooling power of said cooler based on said
forward voltage, said forward current, and said case

100 projection-type display apparatus

101 image signal processor

102 spatial light modulation signal generator

103R, 103G, 103B light source

104R, 104G, 104B spatial light modulator 10
105 cross dichroic prism

106 projection lens

107R, 107G, 107B cooler temperature, . .
108R. 108G. 108B cooler driver wherein said controller calculates a ratio of a difference
109R’ 109G, 109B light source driver s between a predetermined maximum junction tempera-

110 light sensor driver ture and said case temperature to a difference between a
111 light sensor junction temperature of said LED and said case tempera-

112R, 112G, 112B light source case temperature detector ture, based on said forward voltage, said forward cur-
113R, 113G, 113B light source forward voltage detector rent, gnd said case temperatulje. . .
114R, 114G, 114B light source forward current detector 20 2. The display apparatus according to claim 1, wherein, if

115 memory said ratio is greater than an upper limit of an allowable range
116 On-Duty-Ratio calculator determined depending on the brightness of said LED, said
117 adjuster controller reduces said amount of cooling power, and if said

ratio is smaller than a lower limit of said allowable range, said
controller increases said amount of cooling power.

3. The display apparatus according to claim 2, wherein, if
said ratio is smaller than said lower limit, said controller
adjusts the brightness of said LED depending on said ratio.

The invention claimed is:
1. A display apparatus for projecting a beam from an LED 25
to display an image, the display apparatus comprising:
a cooler that cools said LED;
a light detector that detects brightness of a surrounding
area; E I S R



